Background. Age-related outcomes have become increasingly common in evaluating patients with melanoma. For instance, as age increases, sentinel node (SN) nonidentification increases and SN positivity decreases. Furthermore, advanced age is a risk factor for in-transit disease. We hypothesized that increasing age is accompanied by alterations in lymphatic function, possibly explaining these findings. Methods. Our center's melanoma database was queried to identify patients who underwent successful sentinel node biopsy after lymphoscintigraphy. Records of those treated between 2000 and 2005 were reviewed for age, sex, drainage basin, intraoperative radioactivity, and SN pathology. Results. The 858 patients had a mean age of 55 years; 59% were men. Mean radioactivity in the hottest SN was 5232 counts per second; 179 patients (21%) had SN metastases. SN count rates were significantly and inversely related to age (P \ .001 by Pearson correlation, analysis of variance, and v 2 test). Mean counts per second were 6105, 5883, and 2720 for axillary, inguinal, and cervical basins, respectively (P \ .01), and count rates in these basins were consistently lower with increasing age (neck and axilla, P \ .001; groin, P = .060; Pearson correlation). Multivariate analysis confirmed an independent inverse association between age and count rates (P\.001), overall and within each primary tumor site. Conclusions. Lymphatic function, as assessed by radiocolloid transit to and uptake within the SN, declines with age. Altered lymphatic function in older patients may modify metastatic patterns; knowledge of this may help clarify findings of reduced nodal positivity and increased in-transit disease in this population.
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Melanoma is the sixth most common malignancy in the United States; the estimated 62,480 new cases diagnosed in 2008 justify ongoing efforts to identify variables that will accurately predict outcome. 1 In evaluating these variables, age has become an important factor. For instance, although melanoma mortality increases directly with age, increasing age has been correlated with decreased rates of metastasis to the first tumor-draining lymph node, i.e., the sentinel node (SN). [1] [2] [3] [4] Researchers also have reported increased rates of SN nonvisualization in older patients. 5 Furthermore, advanced age was recently identified as a risk factor for in-transit disease. 6 Could an age-related alteration in the lymphatic environment affect metastatic processes?
Nodal sampling for staging melanoma was profoundly changed when Morton and colleagues introduced intraoperative lymphatic mapping and SN biopsy (SNB), which has since become standard for early-stage melanoma. 7 SNB is preceded by lymphoscintigraphy to identify tumordraining lymphatic channels leading to each SN. A radiotracer is injected into the interstitial space around the primary tumor site. This tracer diffuses into and travels through afferent lymphatics until it is trapped by the first tumor-draining lymph node (SN), which is identified and removed during SNB. Although melanoma staging has been the primary use of SNB, this technique also allows an objective measurement of afferent lymphatic function, defined as the movement of fluid or particles from the interstitial space, along the lymphatic channel, and into the regional lymph node or nodes. 8 In the current study, lymphoscintigraphic data from [850 SNB procedures were collected and reviewed to test our hypothesis that older patients display altered lymphatic physiology that may be altering metastatic patterns. Our findings may help explain reports of increased SN nonvisualization, reduced SN positivity, and increased in-transit disease in older melanoma patients.
METHODS
The John Wayne Cancer Institute (JWCI) prospectively enters medical records of melanoma patients into a computerized database containing nearly 14,000 entries. This database was queried to identify melanoma patients who underwent SNB for cutaneous melanoma from 2000 to 2005 at JWCI.
Technical details of preoperative lymphoscintigraphy and intraoperative lymphatic mapping at JWCI have been previously described. 9 In brief, on the day of SNB, patients undergo lymphoscintigraphy with Tc-99 m sulfur colloid. This radiopharmaceutical is injected into the peritumoral dermis, usually in a dose of 500 lCi; the exact dose administered is recorded prospectively by the nuclear medicine physician. Scintigraphic images are recorded to determine the path of lymphatic drainage to one or more SNs. The location of each SN is marked on the skin to facilitate intraoperative lymphatic mapping and SNB. All studies were performed in the same nuclear medicine department, with minimal environmental changes during the study period. Patients were kept at rest during acquisition of scintigraphic images.
In the operating room, shortly after the scintigraphy portion of the procedure, blue dye (Lymphazurin, Tyco Healthcare, Norwalk, CT) is injected into the peritumoral dermis. After a small skin incision is made over the scintigraphically identified area of the SN, gamma probe (Neoprobe, Dublin, OH) readings and blue-stained lymphatic channels are used to guide further dissection. Each SN is identified by its blue stain and high radioactive count rate. One-second count rates are measured intraoperatively over the primary tumor, the skin over the SN, the SN itself (in vivo and ex vivo), and a neutral background site. Each of these measurements is recorded in triplicate and averaged.
For this study, data retrieved for each patient included age, sex, primary tumor characteristics and location, surgical treatment of the primary lesion and regional lymph nodes, and nodal pathology. Count rates were the mean of the triplicate ex vivo values, measured at the hottest part of the SN. If there was more than one SN or more than one tumor-draining basin, count rates were based on the hottest SN in any basin.
Statistical analysis was performed by the JWCI biostatistics department to identify the relationship between SN count rate and the following variables: patient age and sex, primary lesion location and characteristics, number of SNs, number and site of drainage basins, nodal status, and the amount of injected radiocolloid. The interval between scintigraphic injection and blue dye injection was also included to control for overall diffusion time. Age was examined at a cut point of 60 years by v 2 analysis, by decile by analysis of variance (ANOVA), and as a continuous variable by Pearson correlation.
Significance for all analyses was designated at P \ .05 a priori. This study was approved by the JWCI Institutional Review Board.
RESULTS
The mean and median age of our patients was 55 years (range, 3-99 years). Primary cutaneous melanomas were on the head/neck, trunk, or extremities, with lymphatic drainage to the neck, axillary, and groin basins (Table 1) . Of the 858 patients, 179 (20.9%) had SN metastases.
Increasing age was statistically significantly associated with decreasing count rates (Fig. 1) . Age was the strongest predictor of count rates when analyzed as a continuous variable (P \ .001, Pearson correlation), by decile (P \ .001, ANOVA), or by a cut point of 60 years (P \ .001, v 2 ). Multivariate analysis confirmed increasing age as an independent predictor of lower count rates (P \ .001, Table 2 ).
Although count rates were not significantly different among men and women (mean 5332 vs. 5040 counts per second, P = .51), when controlling for other variables in multivariate analysis, men were more likely to have higher count rates ( Table 2 , P = .01). As expected, injecting more radiocolloid produced higher count rates (Table 2 , P \ .001).
Factors that did not influence the count rates independently included nodal pathology, number of drainage basins (1 vs. [1), Breslow thickness of the primary tumor, and ulceration ( Table 2 ). The interval between radiocolloid injection and blue dye injection was analyzed for the nodenegative population. In this group, this diffusion time did not affect SN count rates (P = .58).
Tumor location and drainage basin were also predictive of count rates in multivariate analysis (Table 2) . We expected that counts might be higher in the neck area because a shorter distance is traveled by the radiocolloid. A recent report of reduced scintigraphic appearance time in this region would also suggest such a result. 10 However, mean nodal count rates were significantly lower in the neck (2726 ± 15.8 counts per second) compared with the axilla (6164 ± 15.2 counts per second) and groin (5883 ± 32.2 counts per second, P \ .001, Fig. 2 ). The inverse relationship between age and count rate was significant in neck (n = 213, P \ .001) and axillary (n = 442, P \ .001) basins and approached significance in the groin (n = 226, P = .06).
Because there was a significant difference in the count rates among the drainage basins, as well as an increased proportion of head and neck melanomas in older versus younger patients (28% vs. 17%, P = .001), the relationship between age and count rate was examined for primary FIG. 2 SN count rates were significantly lower for nodes in the neck basin (P \ .01). Within the basins, increasing age continued to be associated with reduced count rates (neck, P \ .001; axilla, P \ .001; groin, P = .06) a Mean, 470 lCI; median, 500 lCI; range, 50-1500 lCI melanomas located in the head and neck, upper extremity, trunk, or lower extremity (Table 1) . Increasing age continued to be predictive of decreasing counts at each site, independent of all other variables in Table 1 (head and neck, P \ .001; upper extremity, P = .003; lower extremity, P = .037; trunk, P \ .001).
DISCUSSION
For many years, SNB has been used to stage melanoma, identify candidates for adjuvant therapy, and eliminate routine use of elective nodal dissection in patients with clinically normal drainage basins. With few exceptions, its potential for studying lymphatic function has not been exploited. 8 Our SNB-based study of afferent lymphatic function found a statistically significant age-related decline in the ability to move radiocolloid from the peritumoral dermis to the SN and retain it in that location. This relationship held true for age analyzed as a continuous variable, age analyzed by decile, and age analyzed by a cut point of 60 years; the significance of age was independent of an exhaustive list of variables in a multivariate analysis. These results may help explain several important agerelated findings associated with the lymphatic system in melanoma.
There are now several reports of a marked age-related effect on melanoma outcome, all seemingly related to the lymphatic system. For example, recent literature has identified an inverse relationship between patient age and rates of SN positivity. 11 Chao et al. observed that the rate of SN positivity was 23% for patients aged 18 to 30 years but only 12% for patients aged 61 to 70 years. 4 Sondak et al. reported nodal positivity rates of 26.3% in those younger than 35 years, and 11.8% in those older than 60; the predictive power of age was independent of tumor thickness and mitotic rate. 3 This has been considered a paradoxical result because advanced age is also a marker for worse melanoma-specific outcome. 2 Age also may influence scintigraphic identification of the SN: Birdwell et al. 12 and Chakera et al. 5 found increasing age to predict SN nonvisualization in patients with breast cancer; however, other investigators have not found age to predict radiopharmaceutical transit time.
10,13 Pawlik et al. noted age to be independently associated with an increased risk of in-transit disease. 6 An age-related decline in lymphatic function could explain these findings.
Age-related declines in lymphatic function have been described in animal models but until now have not been objectively demonstrated in humans. 14, 15 The nuclear medicine literature does note an increase in SN nonvisualization with increasing age. 12 These data, however, rely on a subjective evaluation of scintigraphic images to determine when the node becomes ''hotter'' than the background activity. The subjectivity of this method may explain conflicting data. 13 In our study, probe-measured count rates of the SN immediately after its excision (ex vivo), recorded in triplicate and averaged, were a more objective estimate of the amount of activity in the node and therefore a more accurate reflection of afferent lymphatic function.
Altered lymphatic function may be related to welldescribed anatomical changes that accompany aging. The skin, especially the upper dermis, shows changes with age. There is a destruction of elastic tissues, a reduction of skin blood flow, and alterations in its fatty composition. [16] [17] [18] These changes may affect Starling forces, reduce tissue turgor, and thus alter lymphatic flow. Reduced dermal fluid clearance and increased blistering in the elderly are likely related to such changes. 19 Lymph nodes themselves also display alterations with aging, notably showing an increase in fat composition. 20 Fatty replacement may limit nodal trapping of the radiocolloid during lymphoscintigraphy, and possibly tumor cells during metastatic migration.
The associations between count rates, age, and local recurrence add complexity to the role of the lymphatic system in the metastatic process. Recent research into this area has discovered important microenvironmental factors, including vascular endothelial growth factors C and D, which may be influencing this process. 21 Macroenvironmental factors such as tissue turgor and dermal atrophy might also be playing a role. A tumor cell that migrates into the lymphatic system is more likely to reach and enter the SN if lymphatic flow rate is higher versus lower. Faster transit of tumor cells to the regional lymph nodes might even have a protective function by allowing an earlier, more robust antitumor immune response. Regional lymphatic dysfunction may increase the transit interval, giving the tumor more time to proliferate locally or within lymphatic channels, and eventually produce immunesuppressing factors. 22 To be certain our finding was not simply a diffusion distance phenomenon, count rate data were evaluated for inguinal, cervical, and axillary basins. This allowed us to roughly control for the differing distances between the injection site and the drainage basin. In this subanalysis, the inverse relationship between age and count rates was independent of axillary and cervical basin sites. Age and count rates were not significantly correlated in the groin subset (P = .06), probably because of the low number of elderly patients (70 patients [60 years old vs. 156 patients B60 years old). Seemingly paradoxical was the observation that patients with melanomas draining to the neck basins displayed far lower mean count rates than those with lesions draining to the axilla or groin. A similar finding was reported by Uren et al., who noted reduced lymphatic flow rates as compared with the trunk and extremities. 23 This may indicate that count rates were more affected by regional lymphatic function than overall lymphatic distance. The lymphatic drainage of the neck is a complicated system elegantly described by Pan et al. 24 There can be multiple channels draining the same area, and even lymphaticovenous connections. These unique anatomic features may explain our finding of lower count rates in the neck basin. The findings likely explain increased rates of SN nonidentification in the head and neck region. 9 In conclusion, older melanoma patients undergoing SNB display greatly reduced count rates. This indicates an agerelated alteration in lymphatic physiology with emphasis on changes in lymphatic flow and nodal trapping. Future studies will attempt to elucidate relationships between lymphatic function, nodal positivity, recurrence, and survival.
